A typing method for bacteria was developed and applied to several species, including Escherichia coli and Actinobacillus actinomycetemcomitans. Total genomic DNA was digested with a restriction endonuclease, and fragments were end labeled with [a-32PIdATP by using the Klenow fragment of DNA polymerase and separated by electrophoresis in 6% polyacrylamide/8 M urea (sequencing gel). Depending on the restriction endonuclease and the bacterium, the method produced approximately 30-50 well-separated fragments in the size range of 100-400 nucleotides. For A. actinomycetemcomitans, all strains had bands in common. Nevertheless, many polymorphisms could be observed, and the 31 strains tested could be classified into 29 distinct types. Furthermore, serotype-specific fragments could be assigned for the three serotypes investigated. The method described is very sensitive, allowing more distinct types to be distinguished than other commohly used typing methods. When the method was applied to 10 other clinically relevant bacterial species, both speciesspecific bands and strain-specific bands were found. Isolates from different locations of one patient showed indistinguishable patterns. Computer-assisted analysis of the DNA fingerprints allowed the determination of similarity coefficients. It is concluded that genomic fingerprinting by restriction fragment end labeling (RFEL) is a powerful and generally applicable technique to type bacterial species.
To distinguish related bacterial strains, several DNA-based methods have been described, including restriction endonuclease analysis (REA) ofwhole chromosomal DNA (1, 2) , hybridization of DNA fragments with specific probes such as ribosomal DNA (ribotyping) (3) , and polymerase chain reaction with an arbitrary primer (AP-PCR) (4) (5) (6) , which is also known as random amplified polymorphic DNA (RAPD) typing. All these methods have their respective advantages and disadvantages. REA of whole chromosomal DNA results in a large number of fragments, which can be separated by agarose gel electrophoresis. Although this method often results in a large number of distinct types within a species, comparison of patterns is often difficult because of the low resolution of the agarose gel and the large number of fragments produced. The use of rare-cutting restriction enzymes and pulsed-field gel electrophoresis results in a lower number of bands (2) , but then few bands can be used for comparison, which can make the method less discriminatory. Ribotyping results in patterns with a limited number ofbands, which can be more easily evaluated; however, this method is more time consuming, has limited resolving power, and focuses on only one cluster of genes. AP-PCR is generally a very fast method, and the complexity of the pattern can be varied by using different primers. A disadvantage of this method is that not all fragments are amplified by the PCR method with an equal efficiency, so that there can be significant interexperiment and interlaboratory variation.
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In this paper we describe a typing method which uses sequencing gels to separate end-labeled restriction fragments of total bacterial DNA. With an appropriately chosen restriction enzyme, this method produces a large number of wellseparated bands, which make up a strain-specific genetic fingerprint. This method was developed for Actinobacillus actinomycetemcomitans, a bacterium which can be isolated from several infections in humans and is specifically associated with severe periodontitis (7, 8) . Type of A. actinomycetemcomitans by restriction fragment end labeling (RFEL) was compared with data on other typing methods described previously. Furthermore, other Gram-positive and Gram-negative bacteria isolated from various other infections were studied.
MATERIALS AND METHODS
Bacteria. The following reference strains of A. actinomycetemcomitans were used: ATCC 29522 and ATCC 29523 (obtained from the American Type Culture Collection), NCTC 9710 (from the National Collection of Type Cultures, London), Y4 (from S. S. Socransky, Forsyth Dental Center, Boston), and 366 (from J. J. Zambon, State University of New York at Buffalo). Furthermore, 26 fresh clinical isolates of A. actinomycetemcomitans from The Netherlands were used; these strains were isolated from 26 randomly selected, unrelated patients with severe A. actinomycetemcomitans-associated periodontitis. The serotypes of all these strains have been determined by using serotype-specific monoclonal antibodies and serotype-specific polyclonal sera (9, 10) .
In addition, a total of 93 isolates from 10 different species were investigated ( fragment. A computer-assisted analysis of the DNA fingerprints of the 31 A. actinomycetemcomitans strains is given in Fig. 2 . A clustering of strains that largely paralleled the serotype data was found.
End labeling was evaluated for 93 isolates from nine other species; for all species a suitable banding pattern was obtained by using HindIII and/or EcoRI (Table 1) . For Streptococcus pneumoniae the 60 isolates investigated showed a high level of heterogeneity-i.e., most independent isolates were distinct. For E. coli 9 isolates from nine patients representing five different serotypes could all be clearly distinguished; 2 isolates from one patient were indistinguishable (Fig. 3) . Furthermore, common bands were found in all strains of this species. For the other bacteria listed in Table 1 similar data were obtained: isolates from independent individuals were in general distinct; isolates from one patient, which were obtained from different locations, were most often indistinguishable; and speciesspecific bands were found. An example of the results for some of these bacteria is shown in Fig. 4 . For Acinetobacter baumannii digestion with Hindlll produced a very high number of bands, whereas digestion with EcoRI produced fewer bands. For both enzymes, however, isolates from the same patient were indistinguishable and strains from different patients were distinct. For most bacteria a high signal-to-noise ratio was obtained. For some species-e.g., Serratia marcescens and Peptostreptococcus micros-some background label was found over the whole molecular weight range, possibly as a result of degradation of the DNA during isolation; however, this did not hinder the computer-assisted analysis.
DISCUSSION
It has been shown previously that DNA restriction analysis of total bacterial DNA can be used to recognize differences between strains of one species (1, 2). The resolution of agarose electrophoresis, however, limits the use of this method. We reasoned that the resolution could be much enhanced by analysis of small restriction fragments only. These fragments can be end-labeled, resolved on a DNA-sequencing gel, and visualized by autoradiography. Sequencing gels can separate DNA fragments in the range between 30 and 1000 nucleotides. This method is similar to the one used by Coulson et at (12) for fingerprinting cosmid clones. An advantage of this method is that one can in principle set the desired number of bands by the choice of the restriction enzyme. The method as described results in radioactive DNA fragments of many sizes, of which only the smaller ones are well separated. The high resolution of the sequencing gel in this size range allows the evaluation of the presence or absence of a large number of fragments. A simple variation of the method would result in more radiolabel in the lower size range: cutting with rare-cutting enzymes, end labeling, subsequent digestion with a frequently cutting enzyme, but without relabeling, and analysis on a sequencing gel. Another advantage of the method is that all bands are equally intense, since they represent similarly labeled fragments of equal molarity. Thus, in comparison with, e.g., some PCRbased methods, one does not have to make subjective judgement calls on the presence or absence of bands. The discrete pattern in RFEL allows interexperimental and interlaboratory comparison of data: provided appropriate size markers are included, samples do not have to be run on the same gel to be compared. Because of the high signal-to-noise ratio and the uniform band intensity, it was possible to store and analyze the pattern by using a computerized method, which allowed the determination of similarity coefficients between strains and the production of a tree showing clustering of strains. This clustering is in agreement with the clustering of A. actinomycetemcomitans strains on the basis of multilocus enzyme electrophoresis and determination of restriction fragment length polymorphisms (RFLPs) (13) .
Several typing methods using molecular techniques have been advantages and disadvantages (see Introduction). In general, all these methods show heterogeneity within the species A. actinomycetemcomitans (13) (14) (15) (16) (17) (18) (19) (20) (21) . However, in these methods not all independent isolates can be distinguished from each other. A more sensitive typing method would be useful, for instance, in studies ofbacterial transmission. With RFELwe could distinguish almost all independent isolates by identifying 29 distinct types for 31 strains tested. For the same set of strains we have been able to discriminate 24 distinct types both by restriction endonuclease analysis and by ribotyping (15) .
End labeling was tested for six other clinically relevant Gram-negative bacteria, isolated from various types of infections. In addition, four Gram-positive species were evaluated. Most species were selected because they can be involved in nosocomial infections, and some species were selected because they are associated with dental caries (Streptococcus mutans and Streptococcus sobrinus) or with periodontitis (Peptostreptococcus micros). Although RFEL was not evaluated in detail for these 10 species, the data obtained clearly show usefulness and universal applicability of the method. For all species evaluated independent isolates were distinct, isolates from the same patient were indistinguishable, and species-specific bands were found. With an appropriate choice of restriction enzyme, the method described here is easily applicable to any other bacterial species from which sufficient high molecular weight DNA of adequate purity can be obtained.
We have described the application of the method for distinguishing different isolates of the same species, in which 1-3) or EcoRI (lanes 4-6); lanes 2 and 3 and 5 and 6 each represent two isolates from the same patient; lanes 7-9, Xanthomonas maltophilia DNA digested with EcoRI; lanes 7 and 8 represent isolates from the same patient; lanes 10 and 11, two independent isolates of Streptococcus sobrinus, DNA digested with HindIIl.
case strain-specific bands are used to type within species for epidemiological purposes. It is conceivable, however, to apply the method also for identification of bacteria, in which case species-specific bands allow identification.
Because we obtained reasonably strong signals and in general a high signal-to-noise ratio with bacterial genomic DNA (genome size about 4 Mbp), it is likely that this method can also be applied to those eukaryotes with relatively small genomes such as yeasts (genome size about 10 Mbp) and maybe even larger genomes such as the nematode Caenorhabditis elegans (genome size 100 Mbp). To use this method on organisms with even larger genomes, rarer-cutting enzymes would have to be used to limit the number of fragments in the 40-to 400-nucleotide size range. Note also that the signal strength will decrease with increasing genome size, as the small fragments will make up a smaller portion of the total DNA present. This could be overcome by increasing the amount of DNA and radioactive label or the exposure time.
In conclusion, end labeling of restriction endonuclease fragments proved to be a very sensitive method for genotyping bacterial species.
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